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[57] ABSTRACT

A frequency-voltage converting system has a first sam-
pler for sampling the input signal at a predetermined
time interval a second sampler for sampling the input
signal after elapse of a predetermined time period from
said predetermined sampling time, and comparator for
comparing the sampled values obtained respectively
from said first and second samplers and providing the
difference of said sampled values as a value propor-
tional to the frequency of said input signal.
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1
SERVO CONTROL APPARATUS - -

BACKGROUND OF THE INVENTION

|. Field of the Invention .
The present invention relates to a servo contrel sys-
tem. A o |
2. Description of the Prior Art
For the purpose of frequency-voltage conversion
there 1s already known a circuit shown in FIG. 1, com-
prising a voltage comparator C, a mono-stable circuit M
and a filter F. | - '
~ Upon receipt of an . AC signal as shown in FIG. 2(a)
at the terminal TI, the above-mentioned circuit per-
forms the wave-form conversion in said voltage com-
parator C to generate square-wave signals as shown in

FIG. 2 which activates the mono-stable circuit M of

which output is taken out through the filter F as an
analog signal of a value corresponding to the frequency
of the original supplied to the input terminal TI.

However, 1n order to obtain the signal from the out-
put terminal TO, the frequency of the input signal has to
be at least several cycles. | o |

Also in conventional servo control system in which
the pulse signals obtained from a position detector are
supplied to a low-pass filter to obtain a voltage corre-
sponding to the speed, the output signal cannot be ob-
tained .unless at least several - pulses are supplied,
whereby the control being associated with a delay, thus
leading to the unstable function of the system. Also
when the servo motor is stopped, a false speed signal
may be generated by the eventual vibration.

Besides in the conventional servo control the adjust-
ment of the amount of speed component is conducted
by the variation of the amplifying ratio of the amplifier.
Thus it has been necessary to have the amplifiers or
different amplifying ratios corresponding to the number
of different loads and to select appropriate amplifier for
example by a switch in response to the change of the
load. SR |
- Furthermore, conventional servo control systems
principally rely on the analog operational amplifier. For
example in a conventional position servo control system
shown in FIG. 3, a position signal obtained as a voltage
from a potentiometer PM .and a speed signal obtained
from a speed generator SG are supplied, as error signals
against the position instruction signal, to an operational
amplifier OP for controlling a drive source M. The use
of such operational amplifier has resulted in the fluctua-
tion in the stopping position of the drive source or in the

speed thereof, due to the temperature characteristics of

amplitier or the fluctuation in the power supply voltage.
Also in a servo control system wherein the drive
source is controlled by an increment type encoder ENC
for detecting the state of the drive source M1 as shown
in FIG. 4, an operational amplifier OP2 is still used for
processing the position. signal which is obtained by the
counting in a counter CNT of the position pulses sup-
plied from an encoder ENC through a wave forming
circuit WF followed by a digital-analog conversion in a
converter DA and the speed signal obtained by a fre-
~quency-voltage conversion of said position pulses by-a
converter FV. Consequently the dependence on the
temperature characteristics or on the fluctuation of
power supply voltage is essentially same as in the
above-explained case. SR
Furthermore, in the conventional servo control sys-
tems the speed change can be achieved in two methods.
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One 1s the conventional constant-speed servo control
system shown in FIG. §, wherein the increment type
encoder ENC1 used as the speed detector generates a
pulse for each displacement of a determined distance,
thus providing a pulse train of a frequency correspond-
Ing to the displacing speed. Said frequency is converted
by a frequency-voltage converter fV into a voltage, and
the difference voltage from the instructed speed ob-
tained 1n a subtractor SUB is amplified in an amplifier
AMP and supplied to a drive source M2. The change of
speed 1s achieved by the change of the instruction
speed. On the other hand the variable-speed servo con-
trol is often employed as a part of the constant-position
servo control, since the latter alone is frequently unable
to cover the entire range due to the saturation phenome-
non of the amplifier or the power supply voltage. Thus
the control is effected by the constant-speed servo sys-
tem while the positional error (distance to the target
position) is large, and is changed to the constant-posi-
tion servo system at a position close to the target. In

such case there is employed a variable-speed servo con-

trol in which the instruction speed is decreased accord-
ing to the value of positional error toward the target
position. The other method of speed change is repre-
sented by the constant-speed servo control containing
the variable-speed servo control shown in FIG. 6,
wherein a switch SW makes a circuit a-c when the
content of a counter CNT representing the positional
error is large whereby the position-speed converting
circuit PV constitutes a constant-speed servo system,
thus providing instruction speeds corresponding to the
positional error as shown in FIG. 7. When the posi-
tional error becomes small the switch SW makes a cir-
cuit b-c to provide a constant-position servo control. In
this system, however, if the amplifier AMP1 is so de-
signed as not to be saturated even for an extremely large
positional error (G in FIG. 7), the power supplted to the
drive source becomes very small in the constant-speed
servo range just outside the constant position servo
range (A 1n FIG. 7), leading to a slow start from station-
ary state, 1.e. a longer time required to reach the instruc-
tion speed. This drawback is extremely disadvantageous
for input/output apparatus for computer for which
rapid start and stop are required.

Furthermore the speed generator utilized as the speed
detector for example for the control of servo motor is
expensive and bulky though it is capable of providing a
voltage of different polarities according to the direction
of rotation.

On the other hand an optical encoder can also be
utilized as the speed detector as shown in FIG. 8. In this
circuit the encoder ENC3 provides two signals of dif-
ferent phases, and the moving direction is identified by
a direction detector WD from the delay between said
two signals. The speed signal with direction is obtained
by selecting, by means of a switch SW1 controlled by
said signal of moving direction, the signal obtained by
frequency-voltage conversion in a converting circuit
FV3 of the output from the encoder ENC3 or the in-
verted signal obtained through an inverter 1.

Thus, 1n the use of the optical encoder, it becomes
necessary to effect frequency-voltage conversion and to

- nvert the polarity of the output thereof according to

65

the moving direction. Also the frequency-voltage con-
verting circuit, designed to average the pulse intervals,
Is unable to provide instantaneous speed, thus causing
delay or providing a false speed information.
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Thus the above-explained circuit, 1f applied for exam-
ple to the control of a servo motor, will lead to an ex-
tremely unstable function thereof.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a
frequency-voltage converting system with improved
frequency-voltage conversion.

Another object of the present invention 1s to provide
a novel servo control system which i1s not associated
with the above-mentioned drawbacks.

~Still another object of the present invention is to
provide a servo control system allowing secure and
stable function of the servo control circuit.

Still another object of the present invention is to
provide a servo. control system allowing change of
feedback value with a simple circuit structure.

Still another object of the present invention is to
provide a servo control system allowing easy control
with a digital circuit.

- Still another object of the present mventlon 1s to
provide a speed servo control system conducting speed
control by variable frequency division of pulse train
obtained as the detection signal from the drive source.

Still another object of the present invention i1s to
provide a speed detection system capable of obtaining
an instantaneous speed signal of positive or negative
polarity corresponding to the moving direction directly
from the detection signal of a moving body.

-Still another object of the present invention is to
provide a frequency-voltage converting system provid-
ing a voltage corresponding to the frequency from the
difference between the value of input signal at a prede-
termined time and that at a pedetermined period after
- said time. |

Still another object of the present invention is to
provide a servo control system comprising means for
providing an AC signal representing the displacement
of a moving body and means for obtaining the differ-
‘ence between the value of said AC signal at a predeter-
mined time and the value of said AC signal at a prede-
termined period after said time, and obtaining the out-
put of the latter means as the speed component of the
Servo motor.

Still another object of the present invention 1s to
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provide a servo control system comprising means for

providing pulse train of a frequency proportional to the
speed, means for measuring the interval of said pulses
and means for providing the reciprocal of said interval
and providing said reciprocal as the speed component.

Still another object of the present invention is to
provide a speed detection system comprising means for
providing a signal of a frequency proportional to the
speed of a moving body, means for providing the differ-
ence between the value of said signal at a predetermined
time and the value of said signal at a predetermined
period after said time, means for detecting the moving
direction of said moving body and means for determin-
“1ng the polarity of said difference according to the out-
put of said detecting means.

Still another object of the present mvention is to
provide a speed servo control system comprising signal
generating means for providing pulse train of a fre-
quency proportional to the speed, frequency dividing
means for frequency dividing said pulse train, and
means for changing the frequency dividing ratio of said
frequency dividing means, and conducting the speed
control by changing the frequency dividing ratio of said
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4
frequency dividing means by said changing means and
comparing thus divided frequency with a predeter-
mined standard frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a chart showing the principle of a conven-
tional frequency-voltage converting system;

FIG. 2 is a wave-form chart;

FIG. 3 is a block diagram of a conventional servo
control system; -

FIG. 4 1s a block dlagram of another conventional
servo control system;

FIG. § is a block diagram of a conventional constant-
speed servo control system; |

FIG. 6 is a block diagram of a constant-position servo
control system containing a conventional variable-
speed servo system responding to the positional error;

FIG. 7 1s a chart showing the change in speed in
response to the positional error in the system of FIG. 6;

FIG. 8 is a block diagram of a conventional speed
detecting system;

FIG. 9 is a block dlagram of the frequency-voltage
converting system of the present invention; |

FIG. 10 1s a wave-form chart; |

FIG. 11 is a block diagram embodying the servo
control system of the present invention; |

FIG. 12 is a wave-form chart;

FIG. 13 is a diagram of a mono-stable circuit;

FIG. 14 1s a diagram of a control circuit;

FIG. 15 is a block diagram showing another embodi-
ment of the servo control system of the present inven-
tion; |

FIG 16 1s a wave-form chart;

- FIG. 17 is a block diagram showmg the detaﬂs of the
pulse formmg circuit shown in FIG. 15;

FIG. 18 is a block diagram of an embodlment of the
present invention;

FIG. 191s a dlagram showmg the details of the pulse
forming circuit shown in FIG. 18;

FIG. 20 is a wave-form chart;

FIG. 21 is a chart showing the frequency dividing
ratio instructed from the position-speed converting
circuit to the frequency dividing circuit in relatlon to

the amount of positional error;
FIG. 22 is a block diagram showmg the speed detect-

ing system of the present invention;

FIG. 23 is a block diagram of the speed detecting
circuit shown in FIG. 22;

FIG. 24 1s a block dlagram of the logic control cir-
cuit; and

FIG. 25 1s a wave- form chart

- DESCRIPTION OF THE PREFERRED
EMBODIMENTS i

The frequency-voltage converting system of the pres-
ent invention will now be clarified in detail by the fol-
lowing explanation taken in conjunction with the at-
tached drawings. -

Reference is now made to FIG. 9 showing a block
diagram embodying the frequency-voltage converting
system of the present invention, in which:

1 is a saturation amplifier for wave forming the signal
supplied to an input terminal T11;

2 1s a pulse generator for generating a pulse at the
leading end of the output signal from said saturatlon
amphﬁer 1;

3isa delay circuit for delaymg the pulse signal from
the pulse generator 2;
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4, 5 are switches controlled by the output 31gnals
from said pulse generator 2 and delay circuit 3:

6, 7 are condensers for accumulating the signal sup-
plied to the terminal TI1 when the sw1tches 4, S are
closed; |

8, 9 are cperatlcnal amplifiers for amplifying the
signals stored in said condensers 6, 7 and supp]ymg the
outputs respectively to the input terminals +, — of a
differential amplifier 10, whereby sample hold circuits
being formed of 5, 7 and 9 and of 4, 6 and 8, and said
differential amplifier 10 prcwdlng from an output termi-
nal TO1 an analog voltage corresponding to the fre-
quency of the signal supplied to the terminal TT1.

In the fcllowingexplained in connection with the

10

wave-form chart shown in FIG. 10, is the function of 13

the embodiment of the above-explained structure,
‘wherein the frequency is obtained from.the slcpe of the
input AC signal at the zero level. |

In response to the AC signal shown in FIG. 10a re-
ceived at the terminal TI1 shown in FIG. 7, the satura-
tion amplifier 1 starts to release an output signal at the
time of zero level of said input AC signal as shown in
FI1G. 1056, whereby the pulse: generatlng circuit 2 simul-
taneously releases a pulse as shown in FIG. 10¢ which
closes the switch 4 at time T to store the input AC signal
~in the condenser 6. Said switch 4 is closed only during
the continuation of the pulse, whereby the signal being
memorized in the condenser 6. | |

Said pulse from the pulse generator 2 also closes the
switch § after a period predetermined by the delay
circuit 3, whereby the input AC signal after said period
AT is stored in the condenser 7.

The srgnals thus stored in the condensers 6, 7 are
amplified in the operational amplifiers 8, 9 and supplied
to the differential amplifier 10. In FIG. 10, e and f are
the outputs of the operational amplifiers 8, 9 respec-
tively ccrrespcndlng to the input AC 31gnals V1, V2,
while g is the difference signal (f—e) obtained from the
differential amplifier 10.

Said difference signal is prcpcrtlonal to the frequency
as will be explained later, and in this manner it is ren-
dered possible to obtain a voltage proportional to the
frequency of the input AC signal.

The signal obtained at the terminal TO1 of the differ-
ential ampllﬁer 10 can be expressed as follows:

g“ﬂ'SIHW(T+AD-a51an |
= ¢ (stn wT cos wAT + cos wT sin w&T — sin wT)
=4 {sm wT (ccs wAT — 1) + cos wT sin wﬁT}

wherein the input signal is expressed by a sinusoidal
wave a sin wT, T is the duration of the pulse from the
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the saturation amplifier 1 thereby conducting a similar

procedure on the inverted half-cycle of the input signal.
As explained in the foregoing, the frequency -voltage

converting system of the present invention is capable of

providing a voltage corresponding to the frequency

with an extremely rapid response. -

- Now there will be explained another embcdlment of

the Servo control system of the present invention shown
as a block dlagram in FIG. 11, wherein:

1EAMP is an error amplifier for providing the differ-
ence between the instruction signal and the feedback
signal;

1SAMP is a servo amplifier for amplifying.the output
of said error amphfler 1EAMP for driving a motor 1M:

1PSG is an increment type encoder provided on sald
motor 1M to provide an electric signal of a form shown
in FIG. 12a according to the revolution of said motor:

1WS is a voltage comparator for providing a 51gnal
“1” or “0” for a voltage reSpectlvely higher or lower
than the standard voltage, which is taken as zero in this
case; |

1PG 1s a pulse generator for providing a signal of a
predetermined duration at the leading end of the output
from the voltage comparator;

1DEL is a delay circuit for delaying the output of the
pulse generator 1PG for a predetermined period:

1SH1, 1SH2 are sample hold circuits for storing the
output of the encoder 1PSG respectively at the trailing
end of the signal from the pulse generator 1PG and at
the trailing end of the signal from the delay circuit
1DEL, said sample hold circuit 1SH1 being composed
of a switch SW1 to be closed by the pulse from the pulse
generator 1PG, a condenser C1 for storing the signal
and an ampllﬁer 1AMP1, while the sample hold circuit
1SH2 being composed of a switch SW2 to be closed by
the output from the delay circuit 1DEL, a condenser C2
for stormg the signal and an amphfler 1AMP2; and

ISUB 1s a subtractor receiving the signals frorn the
amphﬁers 1AMP1, 1AMP2 of the sample hold circuits
1SH1, 1SH2 and supplying the feedback signal to the
error amplifier 1IEAMP.

‘The function of the abcve -explained embodrment is
as follows.

It 1s assumed that the motor 1M is maintained in rota-
tion whereby the encoder 1PSG releases a signal as
shown in FIG. 12q, of which the left-hand portion rep-
resents the wave form of the signal during acceleration
from a speed lower than the instructed speed.

The output signal of the encoder lPSG of which
frequency represents the displacing speed, is converted

“into binary signals by the voltage comparator 1WS.

pulse generator 2, and AT is the delay time cf the delay

circuit 3.
The above equatlcn can be apprcmmated as follows

since the first térm is sufficiently smaller than the sec-
ond term in the ccndrtlon wT~2n7r T=0:

g_= a cos wT sin wAT |
=~ WﬁT

Thus g is apprcx1mate1y prcportlcnal to the frequency
~ of the input AC signal.

The structure and function of an embcdlment of the

present invention is explained in the fcregcmg, but a
more precise frequency-voltage conversion can be ob-
tained if the pulse generator 2 is desrgned tO generate a
pulse also at the tralllng end of the output signal from

55
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Also the pulse generator 1PG releases the signal as
shown in FIG. 12, whereby the output of the encoder
1PSG is sampled in the condenser 1C1 at the time T.
FIG. 12e shows the signal cbtamed frcm the amplifier
1AMP1. |

Successively the switch 1SW2 is actrvated by the

signal of the pulse generator 1PG delayed by AT by the

delay circuit 1DEL, whereby the output of the encoder
1PSG at the time T4 AT is stored in the condenser 1C2
and the signal shown in FIG. 12F is obtained from the
amplifier 1AMP2. The subtractor 1SUB receives the

‘outputs from the sample hold circuits 1SH1, 1SH2 and

releases the difference signal g, which, as explained in

the following, is an analog signal prcpcrtlcnal to the
frequency.

Said difference signal can be represented by the fo]-
lowing equation:



4,315,200

7

gmAsmW(T+dT)~—AsmWT | '
= A4 (sin WT cos WAT — cos WT sin WAT — sm WT)
= A {sin WT (cos WAT — 1) +.cos WT sin Wﬁ_T} -

wherein A sin WT is the output of the encoder IPSG,
T is the time of trailing end of the output from the pulse

“generator 1PG, and AT is the delay time. Since sin
WT=0, cos WAT=1, cos WT=1 and sin WAT=WAT

under the conditions WT~2mr and AT—-——O thus:

In this manner, if the output of the encoder is of a
constant amplitude, the value of signal g is proportional
to the frequency of the encoder and also to AT.

Consequently in the servo control, the feedback ratio
of the speed component can be modlﬁed by changing
the delay time AT of the pulse.

FIG. 13 shows an example of the delay circuit, in
which the trailing end of the pulse is delayed by the
period determined by a CR circuit rendered adjustable
by a variable resistor 1IR.

FIG. 14 shows another example of the delay circuit in
~ which a predetermined initial value stored in a register
1REG is transferred by the signal from the pulse gener-
ator 1PG to a counter 1ICNT. The content of said
~ counter 1CNT is step reduced upon receipt of each
clock pulse C from the oscillator 10SC, and the eventu-
ally generated borrow signal is utilized as the signal for
actuatlng the switch SW2.

It is therefore possible to arbitrarily adjust the perlod
- AT by selecting the initial value stored in the register
1REG with the keys in the keyboard 1K, and to effect
the control by means of a microcomputer or digital
circuits.
~ As explained in the foregoing the servo contrel Sys-
tem of the present invention allows an easy control with
a single circuit of a fixed amplifying ratio through the
adjustment of the amount of speed component, and, 1n
case of the system utilizing the counter, the system

allows unlimited adjustment through the change of

register content and also enables the integration of the
entire circuit.
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In the followmg eXplalned IS another embodiment of 45

the present invention particularly relating to a position
servo control system, since the speed servo control
system can be obtained by eliminating the position sig-
nal circuit from the position servo control system.
FIG. 15 is a block diagram of an embodiment of the
servo control system of the present invention, in which:
- 2M2 is a drive source of which state, for example
revolution, is detected by an increment type encoder
2ENCI1 releasing an AC signal as shown in FIG. 16;
WF1 is a pulse forming circuit for converting the AC
signals A, B of a phase difference of 90° from the en-
coder 2ENC1 into binary signals by means of voltage
comparators 2COMP1, 2COMP2 shown in FIG. 17 and
detecting the direction from the signal from said voltage
- comparators, i.e. forming a direction srgnal W by set-
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ting or resetting an unrepresented flip-flop in response

to the level of signal D at the moment when the signal
C is shifted from the level 0 to level 1;

P is a position srgnal obtained from an .exclusive OR
circuit 2ZEXOR receiving the signal C and said 31gnal C
obtained through a D-flip-flop DFF, whereby the posi-
tion signal pulse P being obtained at the leading end and
the trailing end of the signal C;

65

g
- 2CNT1 is a counter of which content 1s set to an
initial value in response to the position instruction signal
and 1s step increased or decreased.upon receipt of the
position pulse signal from the pulse forming circuit
2WF1 respectively when the direction signal from the
pulse formlng circuit 2ZWF11s 1 or 0;

2CO is a pulse interval counting circuit comprlslng a
standard time generator 2STG and a counter 2TCNT
and measuring the interval of position pulses by the

pulse srgnals from the standard time generator 2STG;

2ALU. is an alithmetic unit for obtaining the speed
51gnal as the reelprocal of the count of the pulse interval
counting circuit 2CO;
~ 2S5UB 1s a subtractor for subtractlng the content of
the alithmetic unit 2ALU from the content of the
Counter 2CNT1;
- 2DAl s a dlgltal-analog convertmg circuit for con-
vertmg the result obtained from said subtractor into an
analog value; and |

2AMP is an amplifier for driving the drlve source
2M2.

The function of the above-explained ernbodirnent_ 1S
explalned in the following. |

Basically this embodiment 1s constructed to function
so as to nullify the initial value set in the counter 2CNT1

by the position instruction signal For the purpose of
simplicity, the drive source 2M2 is assumed as a motof.

When a positive initial value is set as the position in-
struction into the counter 2CNT1 while the drive
source is stopped, the counter 2CNT1 does not receive
the position pulse P and the speed signal 1s zero. Conse-
quently the content of the counter 2CNT1 i1s transmit-
ted through the subtractor 2SUB, converted into an

analog value in the digital- analogeonverter 2DA1 and
amplified in the amplifier 2AMP thereby to initiate the

rotation of the drive source 2M2 in a certain direction.
The state of said rotation, including the direction
thereof, is detected by the increment type encoder
2ENCI1 to activate the pulse forming circuit 2WF1,
whereby the generated position pulses P changes (step
decreases in this case) the content of the counter
2CNT1. At the same time the counter 2TCNT counts
the pulses from the standard time generator 2STG to
measure the interval of position pulses. The counter
2TCNT is cleared by the position pulse P and'transfers
the content to the alithmetic unit 2ALU which releases
the Speed signal by calculating the reciprocal of sald
content in real time.

Successively the position error signal which is the
content of the counter 2CNT1 after subtraction by the
position pulses P and said speed signal are processed in
the subtractor 2SUB, of which result is converted by
the digital-analog converter 2DA1 into an analog value
and amplified by the amplifier 2AMP thereby. driving
the drive source 2M2 by a power corresponding to the
output thereof. As will be apparent from the foregoing
explanation, the power supplied to the drive source
2M2 gradually decreases from an initial value and ap-
proaches zero toward the target position, thus enabling
smooth stop at the target position. In case the initial
value of the counter 2CNT1 is negative, the content
thereof is step increased while the sign of the speed is
inverted by the moving direction, thus achieving the
function srmllarly as explained above. , ,

As explained in the foregoing, the present mventlen |
allows to obtain the Speed signal only. with a delay -
required for calculating the reciprocal of the count
representing the interval: of the position pulses. If the
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reciprocal is obtained From_ a reciprocal table memory,
1t 15 rendered possible to obtain the instantaneous speed

only with a delay required for the read-out of the mem-

ory and thus to improve the stability of the control
system. Said memory may be composed either of a
read-only memory or of a read-write memory in which
case the data are stored in the memory before starting
the control.

It will be apparent that, for an interval T of the posi-
tion pulses and a standard time AT, the count N of the
counter is equal to the integer portion of T/AT or said
integer portion minus one. Supposing that T/AT is
sufficiently larger than 2 and representing the maximum
natural number not exceeding A by [A], then:

N=[T/AT]=T/AT, because T/AT—-{T/AT]<2.
If the position pulses are generated on the encoder at
a pitch a, the moving speed V can be represented by:

V=a/T=a/NAT.

Thus:

bV=ab/NAT

wherein b 1s the amplifying ratio of the speed signal in
the servo feedback circuit. The critical deceleration
point in the servo system, usually obtained by adjusting
the amplifying ratio b, is obtained in this invention by
modifying the value of AT. This pulse interval modifi-
cation 18 digitally achievable by providing a frequency
dividing circuit in the standard time generating circuit
and is therefore suitable for utilizing an integrated cir-
cuit. o N |

The entire circuit of the present invention is suitable
for realization as an integrated circuit, which will pro-
vide, 1n addition to compactization, reduced error and
erroneous functions resulting from drift or noises in the
amphtiers. or in the frequency-voltage converting cir-
cult, and improved stability against the effect of temper-
ature. | -

the speed servo control system accordlng to the present
invention, wherein:

3M2 1s a drive source suc:h as a motor

3ENC2 is an increment type encoder for releasmg, in
response to the revolution of the drive source 3M2,
signals A and B of a phase difference of 90" as shown in
FIG. 20, - |

3WF2 1S a pulse shapmg cu'cmt for convertmg the

signals A, B into binary signals by voltage comparators
3COMP1, 3COMP2 shown in FIG. 19 to release the

signals C, D shown in FIG. 20, said signal C being

supplied directly and through a delay circuit 3DFF to
an exclusive OR gate 3EXOR to obtain the position
signal P, and the direction signal W being obtained by
setting or resetting an unrepresented flip-flop according
to the level *1” or “0” of the 51gnal D at the leading end
of the 51gnal C; |

~ 3CNT1 is a counter of Wthh content is set to an

initial value in response to the instruction signal and is

step increased or decreased upon each receipt of the

position pulse P, respectively when the direction signal
W s at the level *1” or “0"; - |

switch 3SW1 to transmit the content thereof or the
content of a memory M to the successive stage and

FIG. 18 shows a block diagram of an embodlment of
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changing the dividing circuit 3DIV both according to
the content of the counter 3CNT1;
- 3DA1 1s a digital-analog converter for converting a
received digital value into an analog value;
3DIV 1s a dividing circuit with a variable dividing
ratioof 1/1, 3, 5, 3, 1/3, 1/6, . . . in response to the signal
from the position-speed converting circuit 3PSV, such
dividing circuit being composed, for example for a vari-
able dividing ratio from 1/1 to 1/16, of a 4-bit memory
and a carry bit wherein the dividing signal being ob-
tained by setting an initial value 0-15 into said 4-bit
memory directly before the frequency division, step
increasing the content of said 4-bit memory by the sig-
nal from the encoder and again setting said initial value
into the 4-bit memory upon receipt of the signal “1”” by
the carry bit, wherein said initial value being deter-
mined by the signal from the position-speed converting

~ circuit 3PSC;

20
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~ 3fvl is a frequency-voltage converter for releasing a
voltage proportional to the frequency obtained through

the dividing circuit DIV;

3SUBI1 1s a subtractor for obtaining the difference

between the output from the digital-analog converter

3DA1 and the output from said frequency-voltage con-
verter 3fvl;

and

- 3AMP3 1s an amplifier for amplifying the output from
the subtractor 3SUB2 to supply the power to the drive
source 3M2.

The function of the above-explained embodiment will
be explained 1in the following in connection with FIG.
21. |

When the content of the counter 3CNT in FI1G. 18 1s
not significantly changed from the initially set value,
the position-speed converting circuit 3PSC actuates the
switch 3SW1 so as to form a circuit between the points
d and f.

Consequently a signal based on the value stored in the
memory 3M is supplied to the digital-analog converting
circuit 3DA1, thus supplying a large power to the drive
source 3M2 to perform the constant-speed control.

However, when the content of the counter 3CNT1
becomes smaller, the position-speed converting circuit
3PSC correspondingly reduces the dividing ratio of the

- dividing circuit 3DIV, thus increasing the speed signal

50

335
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supplied to the subtractor 3SUB. The values stored in
the memory 3M are determined in a range not saturat-
ing the amplifier 3AMP2 for foreseeable displacing
speeds. Said value is supplied through the switch, con-
verted mnto an analog voltage by the digital-analog con-
verting circuit 3DA1 and supplied to the subtractor
JSUBL. In the area A’, the pulses from the encoder
JENC2 are converted, without prior frequency change,
into the speed signal by the frequency-voltage convert-
ing circuit 3fvl, and the constant-speed servo control is
achieved with reference to the above-mentioned con-
stant value. In the area B’, the pulses from the encoder
JENC2 are divided into 5 by the position-speed con-
verting circuit 3PSC, whereby the speed signal ob-
tained from the frequency-voltage converting circuit
3fvl becomes 3 for a same speed as in the area A’. Stated

1nversely, the constant speed reached in the area B with

05
3PSC 1s a position-speed converter for actuating a

respect to a constant value obtained from the memory

M 1s twice as large as that reached in the area A. In this
manner a variable-speed servo control is achieved with
a triple speed 1n the area C' and a four times speed in the
area D",
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As the content of the counter 3CNT1 is reduced at a
postition close to the target, the position-speed convert-
ing circuit 3PSC correspondingly actuates the switch
3SW1 to make the connection e-f. As the dividing ratio
of the dividing circuit 3DIV is set at 1:1 at this state by
the position-speed converting circuit 3PSC, the pulses
from the encoder 3ENC2 are directly converted into
the speed signal by the frequency-voltage converting
circuit 3fvl to perform the fixed position servo control
with reference to the content of the counter 3CNTI1,
thus rapidly stopping the drive source at the target
position. In case of starting from a standstill state, an
improved starting characteristic can be obtained by a
constant voltage applied to the drive source 3M2, since
the speed signal 1s zero In this state. Although the divid-
ing ratios of the dividing circuit 3DIV are taken as 1/1,
1,1 % ...in the foregoing explanation, it is naturally
possible to utilize another series of dividing ratios corre-
sponding to the suitable speeds desired for different
positional errors.

As explalned in the foregoing, the present embodi-
ment is featured by a constant voltage applied at the
start from the stopped state, whereby the time required
- to reach the instructed speed is significantly reduced.
FIG. 22 shows an embodiment of the speed detecting 2
~ system according to the present invention, wherein:

4EAMP is an error amplifier giving the difference of
an instruction signal in and a feedback signal f;

- 4SAMP is a servo amplifier for amplifying the output
of the error amplifier 4EAMP to drive a motor 4M; and
4COT is a speed detecting circuit for detecting the
revolution of the motor 4M and feeds the detected sig-
‘nal back to the error amplifier 4EAMP.
- FIG. 23 1s a circuit diagram of the speed detecting
circuit 4COT, wherein:

4PSG 1s an encoder for generating signals A, B of a
phase difference of 90° as shown in FIG. 2§ in response
to the revolution of the motor 4M:

4AMP1, 4AMP2 are amplifiers for amplifying said
signals of a mutual phase difference of 90° from the
encoder 4PSG; -

4V 1, 4VC2 are voltage comparators for generating
an output signal *“1” or “0” respectively for an input
voltage larger or smaller than zero as represented by the
curves. C and D 1n FIG. 25;

4WD is a direction detecting circuit for detecting the

>
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displacing direction by the delay or advancement be-

tween two signals A and B, 1.e. by the output of a flip-
flop set or reset corresponding to the levels of the signal
D at the moment when the signal C is shifted from the
level “0” to “17%;
and |
41L.CC 1s a logic control circuit for generating the

switch operating signals and position pulse signals P in
response to the outputs of voltage comparators 4VCl,
4V C2 and the direction signal W from the direction

detecting circuit 4WD.
~ FIG. 24 shows the principal portlon of said logic
control circuit 4L.CC, wherein: |

4AG1 to 4AG8 are AND gates connected according
to the following logic table: |

direction direction
4SW1 CD CD
4SW?2 CD CD

30
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-continued
direction direction
4SW3 CD TDh
4SW4 CD ch

40G1 to 40G4 are OR gates respectively receiving
the outputs of the AND gates 4AG1 and 4AG2; 4AG3
and 4AG4; 4AG5 and 4AG6; and 4AG7 and 4AG8 and
respectively operating the switches 4SW1 to 45W4 to
be explained later; |

4DEF1 and 4DEF2 are D type flip-tlops; and

4EXOR1 and 4EXOR2 are exclustive OR gates of
which outputs are supplied to an OR gate 40GS5, of
which output signal operates a switch 4SWS§ and

- through a delay circuit 4D a switch 4SW6.

Again referring to the circuit shown in FIG. 23:

I1 1s an inverter for inverting the output of the ampli-
fier 4AMP1, while 12 is another inverter for inverting
the output of the amplifier 4AMP2;

4SW1 to 4SW4 are swiiches controlled by the out-
puts of said logic control circuit 4LCC for transmitting
5 the outputs respectively of the inverter I1, amplifier
4AMP1, inverter 12, and amplifier 4AMP2;

4SW5 and 4SW6 are switches controlled by the sig-
nals from the logic control circuit 4LCC shown in FIG.
24 for respectively storing the input voltages in the
condensers 4C1, 4C2; and

4AMP3 and 4AMP4 are amplifiers for amplifying the
voltage stored in the condensers 4C1 4C2 and supplying
thus amplified voltages to a subtractor 4SUB; whereby
sample hold circuits being formed by the switch 4SWS,
condenser 4C1 and amplifier 4AMP3, and the switch
4SW6, condenser 4C2 and amplifier 4AMP4, and the
output of said subtractor 4SUB being supplied as a feed-
back signal to the error amplifier 4EAMP.

The function of the above-explained embodiment will
be explained in the following, with respect to a process
from deceleration of a displacement or revolution in a
positive direction to acceleration of a displacement or
revolution in a negative direction.

In response to the revolution of the motor 4M, the
encoder 4PSG supplies the signals shown in FIG. 25A
and B respectively to the amplifiers 4AMP1, 4AMP2 of
which outputs are supplied to the voltage comparators
4V (1, 4V C2, of which outputs, shown in FIG. 25C and
D, are supplied together with the output from the direc-
tion detecting cn‘cmt 4WD to the Ioglc control c:trcmt
LCC.

The smtches 4SW1-4SW4 are controlled by the
signals, C, D and the direction signal to release the
signals A, A, B and B in the increasing area or in the
decreasing area respectively when the direction signal
is at the low level “0”" or high level *“1”. The signal from
the switch SW35 is same as the position signal pulse P
and samples the reference level for speed detection,
while the signal from the switch SW6 is delayed with
respect to the SIgnal from the switch SW3J and samples
the signals A, A, B and B. The speed signal is obtained
by the subtraction of these two sampled signals. The
Speed signal is obtained by approximately differentiat-
ing the AC wave forms of the signals A, A B and B at
the time of the p051t10n pulse P.

As explained in the foregoing, the present embodi-
ment provides the speed signal with a sign correspond-
ing to the displacing direction in the same analog circuit
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by displacing the signals of the switches SW1, SW2,
SW3 and SW4 by 180° with respect to the signals A, A,
B and B according to the direction signal, and thus
enables to obtain an instantaneous speed including the

direction from the frequency of the output from the
encoder.

What is claimed is:
1. A servo control apparatus, comprising:
signal generating means for generating a pulse train of

a frequency proportional to the speed of an object
to be controlled;

measuring means for measuring the time interval of
said pulses;
calculating means for calculating the reciprocal of

thus measured time interval; said reciprocal being:

supplied as the speed component to a servo motor:;
and
control means coupled to said calculating means for
controlling the object in accordance with a control
instruction information and the reciprocal of the
measured time interval.
2. A servo control apparatus according to the claim 1,
wherein said measuring means is a counter. |
J. A servo control apparatus according to the claim 2,
wherein an initial value is initially set in said counter.
4. A servo control apparatus according to claim 1
wherein said signal generating means includes means
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tor delaying the pulse train and means for comparing
the pulse train with the delayed pulse train through said
delaying means.

5. A servo control apparatus according to claim 1
wherein said control means includes memory means for
storing a numerical information representative of the
control instruction information.

6. A servo control apparatus according to claim 1
wherein said control means includes processing means
for performing an arithmetic operation processing of
the numerical information representative of the control
instruction information and the reciprocal of the mea-
sured time interval. | o

7. A servo control apparatus according to claim 6
wherein said control means includes memory means for
storing a numerical information representative of the
control instruction information, and the numerical in-
formation stored in said memory means is supplied to
sald processing means.

8. A servo control apparatus according to claim 6
wherein said control means includes a D/A converter
to which the result obtained by said processing means is
applied.

9. A servo control apparatus according to claim 6

wherein said processing means includes a subtractor.
*  k  k ok X%
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